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&n?. No g, 1953, Moscow, Sciences, Stalin prise laureate
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prise laureate

A. V. Cheremstev, Candidate of
Technical Sciences

LINE AMPLIFIERS AND DEVICES ¥OR AUTOMATIC REGULATION OF THE
TRANSMISSION LEVEL

The most important and the most widely used units of the K-2,
apparatus, wilised in all the terminal and intermediate stations, are
the line amplifiers, which compensate for the attenuation of the line
sections in the line spectrum of the apparatus from 12 to 108 kc. These
amplifiers satisfy very rigid requirements with respect to many of their
parameters and particularly with respect to non-linear distortion, noise,
accuracy with which the frequency characteristics ars corrected, and
reliability of operation. The need for satisfying the above requirements
is due to the fact that the group path of the apparatus, the currents of
2, channels, are being subjected to sinultaneous amplification; in addition,
a large nuwrber of amplifiers may be oconnected to a single carrier-
channeliged circuit, inasmuch as an average of 30 amplifiers is used for
each 1,000 km in each direction.

lLine amplifiers of the following types are used in the K-24 apparatus:
amplifier without ALR, amplifiers with flat-sloping ALR, and amplifiers
with flat-sloping-curvilinear ALR.

Amplifiers with flat-sloping ALR are used both at flat-sloping
intermediate stations, as well as at intermediate stations intended only
for f1at ALR. In the latter case the sloping automatic level regulation
are switched into the amplifiers manually when necessary, and sloping
ALR receivers are not installed.

Amplifiers with flat-sloping-curvilinear ALR are also usc-4 in the
reception channel of the terminal stations; in tlds case they are called
reception amplifiers. In addition, among the line amplifiers one can
also include the transxzission amplifiers, operating at the output of the
transmission channel of the terminal stations. Even though the trans-
mission amplilfiers cannot be called line amplifiers in the full sense of
the word, nevertheless they approximate the latter, because they work in
the same frequency range and must satisfy the same requirements as line
amplifiers with respect to many principal parameters; tranemission
amplifiars differ principally only in that they have a flat amplification

characterdistic.

In their principal portion, namely the amplifier element proper,,
all the above-mentioned line amplifiers are identical and differ froa
each other only in the external negative feedback chain and in the
correction networks connected at the input of the amplifier eslement,

The amplifier element proper contains three stages employing 10ZhllL
tubes in the case of local supply and 12Zhll, L“ubes in the case of wxote
supply. To increasse the power two tubes connected in paraliel are used

in the ocutput stage.
-1 -

Sanitized Copy Approved for Release 2011/04/08 : CIA-RDP81-00280R000200030035-5



Sanitized Copy Approved for Release 2011/04/08 : CIA-RDP81-00280R000200030035-5

- STAT

]

Special recently-developed tubes (type 12Zh3L) used for remotely-fed
repeaters have all the characteristiocs of the 12ZhlL tube, but have a
considerably higher breakdown voltage in the cathode-filawent portion.
Inasmuch as the filaments of the remotely-fed amplifier tubes in both
directions of transmission are comnected in series, the operating
voltage between the cathode and the filament of the tube nearest to the
line is approximately 100, If the filament circuit of the tube should
be opened (for example, whenever one of the tubes is removed), the
voltage may rise to the maximum value used in remote supply (240 volts).
Therefore, to increase the operstive reliability of the comnection,
as the production of the 12Zh3lL tube expands, it is necessary to change
over from 12ZhlL to 12Zh3L tubes in the line amplifiers of the
remotely-fed points. The above applies equally well to other remotely-
fed repeater stations of multi-channel apparatus, namely to the inter-
mediate stations of the K-12 system and to the VUS-12 stations.

A simplified diagram of a line amplifier with flat-sloping-curvilinear
ALR is shown in Figure 5. Heavy negative feedback is used in the
amplifiers to insure the required attenuation of the non-linearity and
the required stability of gain whenever the voltage of the power supnly
fluctuates and whenever tubes are replaced. Two types of feedback are
used: external interstage and internal in the first and third stages.

The external feedback and the intermal feedbnck in the third stage are
of the combined current and voltage type, while current feedback is used

. in the first stage.

It follows from examination of Figure 5 that the amplifier differs
in its diagram from the line amplifier of the K-12 apparatus with res-
pect to the interstage coupling circuits, which contain aiso induction
coils in series with the act.ve plate load resistors. More substantial
differonces are in the external negntive feedback chain and in the
networks connected at the input of the amplifier, Placed in the negative
feedback chain are: constant slope network CSN, corresponding to a line
section 8 km long, a set of lengtheners having a total attenuation of
1.3 nepsrs (in steps ¢f 0.1 nepers each), a flat regulation device,
"flst LR, " with limits of t 0.5 repers at 16 kc, as well as a network
for regulating the curvilinearity, "™curv. LR,"™ with limits of % 0.25

nepers at 64 kc.

Connected at the input of the amplifier are filter X-12 and 5 line
equaliger networks LE, which slope thc frequency characteristic of the
gain so as to correspond to lins sections 12, 6, 3, and 1.5 km in
length (a total of 28.5 kmj, and also a potentiometer that permits
ad justing the gain within limits of 2.7 nepers, in stepe of 0.3 nepers

each.

The maximum gain of the amplifier at tune highest frequency of 108
kc when the level regulating devices are in the central position is
8 * 0.1 nepers. This gain is changed automatically when the cable
attenuation is changed by temperacure with the aid of the ALR device.
Manual regulation is also possible, effected in this case by changing

the position of contact-making jumpers.

Because they contain fewer regulating elements, amplifiers with .
flat-sloping ALR and without ALR have a corres iy simpler feedback
chain, The constant slope network in amplifiers with flat-sloping ALR
corresponds to a line section 14.5 km long, while in amplifiers without
ALR corresponds to a length of 20 km. At the input of these amplifiers
there is a set of lins equalisers, corresponding to line sections 12,

6, 3, and 1.5 km in length (a total of 22.5 ). The maximum gain of
the amplifier without AILR is 8.3 O.1 nepers, and that of an axplifier
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with flat-sloping ALR with the regulating elements in the central position
is 8 0O.) nepers. A4ll the values of section length given above pertain

to cables with paper-kordel® insulation.

Automatic level regulation devices intended for compensation of
temporature variations of the cable attenuation charscteristics are
analogous in the X-2, apparstus with the same devices used in the K-12
apparatus. The regulation ir carried out without the ald of electro-
‘magnetic mechanisms, by changing the resistances of indirectly heated
thermistors TR-1 -~ TR-3, operating in the feedback chain of the line
amplifiers. Control is effected by control-frequency current, received
by the control-channel receivers. The basic difference lies in the
introduction of a third automatic regulation, namely curvilinearity -
regulation, intended for compensation of the deviation of the inzrement
in frequency characteristic of the .cable attenuation from a straight-line
law., The need for this regulation is considerabdly greater in the case of
the K-2, apparatus than in the case of the K-12 apparatus, owing to the
expanded frequency spectrum.’ The curvilinear regulation is controlled
with a 64 kc control current, while the flat and sloping ngnlations are

controlled with 104 and 16 k¢ respectively.

The circuits of the control channel receivers of the K-2i, spparatus
differ from those of the K-12 apparatus of the first versions in the
addi.ion of a device that reduces considerably the operating process of
the level regulation, which occurs whenever several amplifiers with ALR
are connected in series and the level at the start of the trunk line
changes suddenly. At the present time this modification has also been
effected in the control-chamber receiver circuits of the K-12 apparatus.

CONSTRUCTION AND GROUPING OF APPARATUS: CURRENT CONSUMPTION \

w
The K-2/4 apparatus is similar in its construction to the K-12 and V-12

apparatus. Many racks in the terminal stations are identical with the

racks of the K-12 apparatus. Among such racks are: the tonal-calling

rack (STV), differentiali-syster rack (SVS), four-wire switching rack

(SChK), individual converter rack (SIP), carrier and control frequency

rack (SNK), remote-supply trensmission rack (SDP-1), cable-circuit test

and signalisation rack (SKTs), and lead-in and switching rack (VKS),

used whenever line transformers are used for the carrier-channeliged

pairs at an expanded frequency range up to 110 ke. The dimensions and

the capacities (depending on the number of channels served by the

equipment) of these racks are indicated in the description of the K-12

apparatus.

In addition, the terminal station comprises also the group-
installation rack of the 24-channsl system (SGU). It has overall
dimensions of 646 x 2,500 x 450 mm, which is standard for long-distance
commurication apparatus racks. Placed on the SGU rack are the trans-
mission and reception amplifiers, tha group fraquency converters, the
auntomatic level regulatio. devices, and other elyments of the group
channel used for 2 24-channsel systems. i

The repesater stations ccaprise the SDP-1, SDP-11, SKTs, and VKS
racks, which are identical with the racks of the K-12 apparatus. The
SDP-1 and SKTs racks are used only for attended stations, and the
SDP-I1 are used only in unattended stations. The attended stations
also contain intermediate-repeater racks SPU with amplitiers without
ALR, with flat ALR, with flat-sloping ALR, and with flat-sloping-
cu~vilinear ALR, depending on the type of the stations., The unattended -
stations are equipped with SPU racks without ALR and with remote supply.’ .
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All the amplifier recks have overall dimensions of 6456 x 2,500 x 450 mm.
With this, the racks without LLR, those with flat ALR, and those with
flat-sloping ALR carry equipment for 5 systems, while the rack with the
flat-sloping-curvilinear ALR is equipped for 3 systems., The terminal
stations may be equippsd with artificial lines, the atteanuation
characteristic of which is suivalent to the attenuation of cables 8
and 14 km long. These lines are used if the repeater section is of

shortened length.

The voltage of the power supplies of the terminal stations should be
4+ 3%. The power supplies of the
should also be stabiligzed, The following

of the stabiliging devices have been

stabilised with an accuracy of
attended intermediate statioas
minimum voltagss at the output
established for the apparatus:

voltage, 21,2 * 3%,

plate voltage, 206

+ 3%; filament

The remote-supply current is stablliged automatically by voltage

regulators on the SDP-I rack, with an accuracy of
known voltage applied to the amplifiers in the remotely-supplied points

is 1600

3%. The nominal

The average current consumption for the rack of the K-2, apparatus
required to supply the filament und plate circuits of the tubes and also
for the principal signalling circuits, is indicated in the table.

Designation of Rack Current consumption, amperes

Filament
battery
STV 5.80
SChK 0.64
SIP 3.80
SGU l.20
SNK 7.70
SKTs 0.25
SPU wdth flat ALR 0.64
SPU with flat-sloping
ALR 0.90
SPU with flat-sloping-
curvilinear ALR 1.16
SPU without ALR,
remotely fed -
SPU without ALR,
locally fed 0.40

Plate
battery

0,22
0.0l
0.17
0.13
0.50

0015
0.13
0.05

Remarks

For one 24-channel
system

For one rack (up to
60 &hannels)

For two racks (one
24 -channel system)

For one 2L-channel
sSystem

For one rack {(up to
five 24-channel
systems)

For one rack

For one 24-channel
system

For one 24-channel
system

For one 24-~channel
system

For one 24-channel
system

For one 25-channel
system

DESIGN OF PLACEMENT OF REPEATER POINTS

The maximun rated gain of the intermediate stations of tha K-24
However, it does not follow from this that all

the repeater sections may have an atternuation equal or nearly equal to

apparatus is 8.2 nepers.
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8.2 nepurs, for in this case the noise level in the channels will be

excessive, To keep within the norm for the psophometric noise voltage
in the channels, the attenuation of the repezter sectiocns should be on
the average 7 nepers, and only in individual sections can it reach 8 to

8.2 nepers.

The locations of the repeater points (RP) are determined during the
design in the following manner. Starting with the average value of
attenuation, one obtains the rated length of the repsater section, which
is: 32 to 34 km for a cable with paper-kordel? insulation and 37 to 39
km for a cable with styroflex-kordel' insulation. The proposed trunk
line is then subdivided into repeater sections, taking into account the
need of placing the RP in populated points and adhering as much ae
possible to the rated length, The maximum permissible length of a
repsater section cannot exceed 39 km for a cable with paper-kordel?
insulation and 46 km for a cable with styroflex-kordel® insulation,

The correct placement of the repeater points must be checked against the
expected valus of the psophometric voltage of the intrinsic (broadband)
noise in the channel. The latter must not exceed 0,5 millivolts (at a
point with a relztive level of ~0.8 nepers) for a re-reception section
2,500 km long. 1f the re-reception length of the section is less, the
norm for the magnitude of the intrinsic noise in the channel can be
determinzd from the {following inequality:

Uy intr € 0.5 4/L/2500 millivolts

where L is the length of the re-reception section in km. The above norm
corresponds to the accepted distribution of noise, in accordance with

which one quarter of the power, out of the norm for all types of noise

(1 milliwatt for 2,500 km) is allotted to the intrinsic (broadband) noise -
in ¢he channel.

The psophometric voltage of the intrinsic noise is the voltage
measured with a pesophometer in the channel in ths absence of trans-
mission over the other channels of the system and over the channels of
the same name of the parallel systems, The expected value of the
psophometric voltage of the intrinsic noise in the upper channel, which
is under the worse condition, is calculated from the following equation:

Un intr =2 o.os‘\/ii‘ 02 8 51
i1 =1

where i is the number of the repeater section; N the number of repeater
sections; /A3; the difference between the gain of the repeater station
and the avorage gain ( AS; = S; - 7); 0.05 the psophometric noise volt-~
age introducsd into the channel by a single repeater station with a

gain of 7 nepers.

(Lh—lotg?: The number 0,05 applies when the transmission power level
in the uppsr (24th) channel is + 0.5 nepers, i.e., when the trans-
mission level hes a sloping frequency characteristic; if the character—
istic is horizontal and the transmission power level is + 0,2 nepers,
it is necessary Lo substitute 0,07 for 0.05 in the equation.)._

The vaZue of the gain is determined by the following equation:
!
5i = B(lOS)Z + A 5t.(108)2 ’

where Z, is the length of the repeater section in km; 5(508) the

per—-kilomester attenuation of the cable at 108 ke and at tem-
perature, given in nepers per kilometer; Apt(loe) the change in the -
-5 -
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per-kilomster attenuation of the cable at 108 kc when the temperature
changes froz the maximum to the minimum, given in nepers per kilometer;
1’ the distance from the preceding amplifier with ALR, given in km.

From the equations given it follows that to check the nolse level
by calculation it is necessary to lknow within what range the soil tem-
perature changes at the depth at which the cable is laid {0.8 m) and
to specifly the placement of the point that are equipped with amplifiers
with ALR., Por the majority of the regions of the European portion of
the USSR it is possible to assume that at a depth of 0.8 m the soil
tempsrature fluctuates over the year from -4 degrees to -4+ 16° C.

The change in the per-kilomster attenuation of tlhie cable is deter—
mined from the following aquation:

Aﬁt = ﬁt.1°<15 (t2 - t1)

where Btl is the per-kilomster attenuatiorn at the minimum temperature,
g the temperature coefficient of attenuation, t] the minimum temper-
ature, and t5 the maximum temperature. I¢ the cable has paper-kordel?
insulation with star twist and conductors 1.2 mm in dismter (copper),
then the temperature coefficient Xg for 108 kc is found to ge from
6 x 10~4 to 8 x 10™4 per degree. For a cable of this type (108) =
205 x 103 nepars/km and Ae’t(los) = 4 3-3 nepers/km.

The placement of the points equipped with amplifiers with ALR is
made on the basis of the regulation limits and of the value of A te
The maximum distance between points with flat ALR can be obtainsd from

the following expression.

U (r1ar) = 2L oz 230 hm
max (flat) A Dy(108)

In practice it is recommended that amplifiers with flat ALR be
placed closer, so as to obtain a certain margin to provide for the
inaccuracy in ilhe initial level setting and for the inaccuracy in the
initial data concerning the temperature fluctuations, Usually in the
design each third or fifth repeater point is equipred with ampliriers

with flat ALR.

The limiting distance tetween roints equipped with amplifiers with
flat-sloping ALR is determined from the following equation:

1
Afie) = A Bicios)

4
2ma.x \flat/sloping) =

where Aﬁn(l ) is tue temperature variation in the per-kilometer
attenuation of “the cable at the control frequency of the sloping

regulation, i.e., at 16 kc.

For a cable of the above type and for the above-mentioned tem--
perature—fluctuation limits we have / 'X(lége"\'fs x 1073 nepers/km,
and the maximum distance betwcen points can assumed to be approxi-
astely 500 km. Points equipped with amplifiers with flat-sloping ALR
rre located in practice every 10-12 repeater sections, i.e,, 300-400
ko apart. Amplifiers with ALR should be installed in points that are
aquipped with independent sources of supply. One does not compute the
limiting distance for points equipped with amplifiers having flat-
sleping-curvilinsar ALR; such points must be placed approximately

every 800-1,000 km.
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To determine the lccation of the amplifier points with ALR in the

case of trunk lines equlipred with cable wiih styroflex-kordel?' insula-
tions, it is necessary to find the coefficients AR and A
corresponding to the projected cable. t(108) pt(16)

When locating the repeater points it I1s necessary to take into
account that the maximum gain of 0.2 nepers can be used only between
points equipped with amplifliers without ALR. The moximum attenuation
of a repeater section (at the minimum temperat.re¢), adjaceat to a
point equipped with ALR, must not exceed 7.5 nepers. Consequently,
the maximum permissible length of suzh a section is 36.5 km for a
cable with paper-kordel® insulation and 42 ko for a cable with styroflex-

kordel' insulation.

When the calcutations are made one must bear in mind that reducing
the gain in short repeater sections results in nolse improvement. This
improvement can be taken into account only when regulating the gain in
the feedback chain. The limits of this remulation are restricted to a
minimum value of 6.8 nepers for amplif_ers with 4LR and 5.5 nepers for
amplifiers without ALR. Thus, if the val:e of [ ,.1y/ obtained during
the calculation of the gain (S,} is less than t.e\qbove the value of
ﬁ(lOB)l should be assumed to te £.8 or 5., nepers respectively.

The noise levels in the channels were muas.red during the line
and operating tests of the K-24 apparatus, performed on an oxperimental
section of the trunk lane. With this the measured values agreed with
the calculated ones, obtained with the avove eguations, The difference
between the measured and calculated valuees did not exceed 10%.

RESULTS OF EXPERIMENTA FERATION
Experimental operation of thes apraratus hzs shown that the channels
of the K-2I system have high gqual2tative indexes and satisf{y all require-
ments that are imposed on t2lephons Zhnannels of trunk lines, As a whole
the apparatus works reliakly with minim:m ntuneer of breakdowns.

w

o the agparatus also became

At the same time, cvertain
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apparent. Ameng them are: (1) high s tivity of the ALRX devices to
sudden changes 1in con»rol frequenny 3 s, resuliing in fliuctuations
in the residual attenuation whenever the .level ol the control frequency
drops or changes suddenly for a short merioa; (2 comilexity of the
circuit and too low stapility in the orsratilon of tne carrier and
control frequency generating equipment; (*' -mpossibrl:iiy of remotely
feeding three repeater polnts in a row; f4) individual ;nsufficiently
developed structural Items.
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